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IGNITION, COMBUSTION, DETONATION, and
QUENCHING OF REACTIVE MIXTURES

Three different topics of the research program have been in-
vestigated during this report period

1 APRIL 1977 to 31 MARCH 1978
I. INVESTIGATION OF THE MECHANISM OF FLAME QUENCHING
A. INTRODUCTION

Although many studies!~® on the determination of quenching
distances of flames of gaseous pre-mixed fuel-oxidizer mixtures have
been reported in the literature, an adequate theory for predicting
flame quenching has not been published. It is not known whether
quenching is accomplished primarily by energy losses from the flame by
means of thermal conduction or by destruction of active radicals by
means of diffusion and/or inhibitors. The following study was under-
taken to elucidate the mechanism of quenching by means of a novel
quenching device which permits a detailed experimental examination of
the quenching process.

Much experimental as well as theoretical work has been done on
the topic of flame quenching notably in the four areas reported below.

1. Use of Halogenated Compounds for Flame Inhibition or Flame Quenching

Burdon et al.! studied the chemical nature of the cambustion
products resulting from the addition of methyl bromide to hydrogen-air
and carbon monoxide-air mixtures. It was found that the limit flame
temperature (close to either fuel-lean or fuel-rich limit) of these
mixtures was substantially and progressively raised by the increasing
additions of methyl bromide both on the lower- and upper- limit sides.
This increase in limit flame temperature was attributed to the chemical
intervention of methyl bromide in the flame reactions. Belles and
0'Neal®? studied the efficiency of the various halogenated flame-
extinguishing agents by adding these to propane-air mixtures. It was
concluded that a halogenated extinguishing agent which results in

higher values of average rate constants for fuel-air-agent reactions, in

general, was more effective in flame quenching, when compa.rison was
based on the same volume of the agent added. Rosser et a.l. measured
the flame speeds of methane-air mixtures containing various halogenated
extinguishing agents and found that halogenated compounds which reduce
the flame speeds of metha.ne-a.ir-agent gas mixtures are better ex-
tinguishing agents. Wilson et a.l. studied the structure of methane-
oxygen flames inhibited by hyd.rogen chloride, hydrogen bromide, and
chlorine. From a comparison of the composition and reaction rate
profiles of the unquenched methane-oxygen flames with those of methane-
oxygen-agent flames it was concluded that fire extinguishers should
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add the halogenated extinguishing agent when the mixing of the oxidizer
and fuel is taking place rather than when the combustion is nearly
complete and that the extinguishing agent should be stable enough so
that 1t can react with the active species before undergoing decomposition.
Larsen® studied the effect of a very large number of halogenated ex-
tinguishing agents on hydrocarbon fuel-oxidizer flames and compared
their extinguishing characteristics with those of inert gases. It was
concluded that halogenated compounds are effective as flame suppressants
in direct proportion to their molecular weights. Halogenated agents
play a dual role in the suppression of flames. Their primary role is
similar to that of inert gases; i.e., they act as heat sinks. In ad-
dition to this primary mechanism they appear to act as fuels once they
are heated to high enough temperatures and this is where these agents
enter into the reaction mechanism of the flames. In this role the
halogenated agents would be flame suppressants only within the context
that the addition of excess fuel to a flammable mixture produces a
nonflammable mixture.

For all of these halogenated extinguishing agents the flame-
extinguishing property is attributed to the destruction of active
chain carriers generated in the cambustion zone. These radicals
greatly affect the reaction mechanism of the fuel-oxidizer flames.
Because of this behavior the halogenated extinguishing agents are of
considerable importance to the physical chemist but their role in flame
quenching is limited to some very special cases.

2. Attemuation or Quenching of Flames by the Addition of Powdered Salts

Dolan® studied the effect of fine powders of sodium bicarbonate
and alkali halides on the ignition of methane air mixtures. These
powders were introduced in the form of a suspension into methane-air
gas mixtures and the mixture was then ignited by a spark. He concluded 3
that inorganic dust suspensions inhibit the explosion of a methane- i
alr mixture because the large surface area of the dust cools the ad- !
vancing flame. Laffite and Bouchet’ observed the suppression of
explosion waves in methane-oxXygen, propane-oxygen, isobutane-oxygen,
and hydrogen-oxygen mixtures to which fine powders of various salts
have been added. It was found that both deflagrations and detonations
(in the pre-detonation stage) can be suppressed by the addition of
powdered salts. Iya et al.® studied the mechanism of attenuation of
methane-air flames to which powdered sodium bicarbonate and sodium
tartrate had been added. It was found that flame inhibition through
the addition of these salts is a homogeneous process. These in-
hibitors reduce the peak OH concentrations in the flame and promote |
the recombination of free radicals. McHale® studied the mechanism of |
flame quenching of the after-burning plume of a rocket motor to which 3
various potassium compounds were added. It was concluded that these
compounds, when introduced in powdered form into the exhaust gas, are I
vaporized in the combustion zone to produce gaseous products that react
with the active species via homogeneous gas reactions.
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Whereas the addition of powdered salts, like that of halogenated
compounds, to combustible gas mixtures affect primarily chemical
kinetics of the flame, for many practical applications,flame arrestors
are needed which utilize mechanical means.

3. Flame Quenching and Attenuation by Means of Metal Chokes, Wire
Gauzes, Synthetic Foams, etc

Egerton et al. 10 ysed sintered metals to quench the flames of
stoichiometric mixtures of hydrogen or methane with oxygen. These
investigators found that sintered bronze can be used as a flame arrestor
even when the gases are flowing. There appeared to be no relation between
the efficiency of the arrestor and its porosity but an increase in the
thickness of the arrestor improved its quenching efficiency. Sintered
stainless steel was found to be less effective than sintered bronze.

It was also found that sintered metals are less effective in a.rresting
methane-oxygen explosions that hydrogen-oxygen explosions. Palmerl?
studied the quenching of propane-air flames by wire gauzes made from a
variety of metals. Using wire gauze arrestors mounted in a short
vertical tube and with explosions initiated at the open end of the tube

it was concluded that there was a critical velocity of approach below
which the flame was quenched and above which the flame passed through

the arrestor. Dixon'? made a detailed experimental study of propane-

air flames which he arrested by metal screens and synthetic foams. He
concluded that flame speed is an important parameter in evaluating the
effectiveness of various arrestor materials. Metal screens were ef- |
fective when flame propagation rates were low but did not stop fast ;
flames. On the other hand, foams arrested fast flames and allowed slow

flames to pass through. It was found that the type of material, pore ‘
size, thickness, and the flame speed at the time of arrest influenced |
the quenching process. %

Although metal screens, synthetic foams, etc. can be used to
quench flames effectively, they are not suitable for studying the
mechanism of flame quenching. Their use for this purpose involves a
great deal of parametric data gathering which ultimately may not provide
helpful design criteria for the construction of effective arrestors.

L, 1Investigation of Quenching Mechanism of Flames and the Design of a
Flame Arrestor Model

Blanc et al.'®»1% yhile studying the mechanism of flame quenching
in different fuel-oxidizer mixtures, initiated the flames with a
powerful electric spark between two parallel glass plates of variable
separation. The flames continued to propagate only when the distance
between the two parallel plates was greater than the quenching distance
of the fuel-oxidizer mixture; otherwise the flame was quenched. The
distance between the plates at which the flame just failed to pcropi.gate
was considered to be equal to the quenching distance. Friedman?!
used a rectangular burner with adjustable width. Once a steady flame
was established above the burner port, the gas flow was suddenly stopped.




The flame then either flashed back or was quenched, depending on whether

the burner width was greater or smaller than the quenching distance. :
The maximum width of the burner at which the flame no longer entered upon

flow rednction was taken to be equal to the gquenching distance. Nair

and Guptal” measured quenching distances for commercial butane-air

flames with a variable-width slot provided in a constant-volume spherical

bomb. Ionization probes were used to indicate the quenching of the flame.

The slot width was adjusted until no signal was obtained from the

ionization probes and this slot width was assumed to be equal to the

quenching distance.

Blanc et al.3s'* and Friedman,S22® while investigating the
quenching of flames by solid surfaces and making quenching distance
measurements, concluded that the nature of the solid surface does not
affect the quenching distance. It was found that quenching distances
were virtually the same for copper, mica, or glass surfaces as well as
glass surfaces coated with salts of high chain-breaking efficiency. It
has been inferred that all types of surfaces are equally effective in
promoting the free radical recombinations. Thus the various materials
with widely different thermal conductivities apparently did not produce
any change in the quenching distance of the various fuel-oxidizer
mixtures.

A brief discussion of the theories of previous investigators on the
mechanism of flame quenching is given below.

Friedman!S measured quenching distances of hydrogen-oxygen-inert
gas flames and derived the following equation, which is based on the !
assumption that the flame quenching process is primarily controlled |
by heat conduction: - |

where
d % flame quenching distance,
A = thermal conductivity of the gas mixture,

ug = flame speed,
cp = heat capacity per unit volume of the cold gas,

TF = flame temperature,




Tig = ignition temperature of the gas mixture,
TO = unburned or cold gas mixture temperature, and
f = dimensionless geometrical factor of the order of unity.

According to Eq. (1) the quenching distance is dependent on flame
speed, thermal conductivity, heat capacity, flame temperature, and
ignition temperature of the gas mixture. He showed that an equation
based on the assumption that quenching is primarily controlled by dif-
fusion of active species does not produce the measured quenching
distances of hydrogen-oxygen-inert gas mixtures. Friedman and Johnston!®
have also studied the quenching of propane-air flames. They concluded
that the quenching distance depends on the initial gas pressure and the
initial temperature of the quenching plate surface; the quenching
distance decreases as the quenching surface temperature is increased.
They investigated also the effect of initial temperature of the gas
mixture and observed that for propane-air flames the quenching distance
is proportional to the minus 0.91 power of pressure and minus 0.5 power
of the absolute temperature of the gas mixture.

Simon et al.'® studied some lean hydrocarbon-air mixtures and
developed an equation for predicting the flame quenching distances of
these mixtures. They assumed that diffusion of active species was
predominent and formulated the following equation for calculating the
quenching distance:

1272 1 %
& gl E cm, (2)

Q K (298)2N,, P/ Dy 4 P/ * Po/ Pon

A = fraction of the molecules present in the gas phase which must
react so that the flame can continue to propagate,

k. = specific rate constant for the reaction between the active
particles of kind i and the fuel molecules,

T, = flame temperature,
N, = number of fuel molecules per cc,

P = partial pressure of kind i of active particles i = H, 0, or OH,
and

prs—




o

BB o A A

Di = diffusion coefficient of kind i of active particles in the
gas at reaction zone temperature and pressure.

The authors showed that Eq. (2) is capable of giving quenching distances
which agree with the measured quenching distances for lean hydrocarbon-

air flames at subatmospheric pressures. According to Eq. (2) the quenching

distance is a function of initial gas pressure.

A similar equation was also proposed by Berlad!® who studied the
quenching of propane-oxygen-nitrogen mixtures. He concluded that an
equation based on diffusion processes only can be used successfully to
predict propane-oxygen-nitrogen quenching distances. His studies were
also made on flames burning at subatmospheric pressures. Flame
quenching studies of Simon et al.® and Berlad'® have shown that the
flame-quenching distance is definitely a function of the initial gas
mixture pressure. It was shown by these investigators that for the
same fuel-to-oxidizer ratio the quenching distance decreases with the
increase in the initial gas pressure. This effect was to be expected
since the diffusion coefficient vaeries inversly with pressure.

Since the equations for the quenching distance by both Simon
et al.?® and Berlad!® have been based on the assumption that diffusion
controls the flame propagation exclusively, the theories indicate that
the destruction of chain carriers at the surface plays an important
role in the flame quenching process.

Berlad and Potter,Z° while working with slot burners of three dif-
ferent surface geometries, have shown that the quenching distance is
a function of the surface geometry of the burner. They showed, through
a set of equations, that it is possible to formulate a relationship
between quenching distance and the dimensions of the burners at a given
pressure. These equations were tested by determining experimentally
the quenching distances of downward propagating propane-air flames as
a function of fuel-air ratio and pressure, for rectangular slots,
cylinders, and cylindrical annuli.

Relationships between combustion wave parameters and quenching
distances, based purelg on thermal considerations, have been tabulated
by Lewis and von Elbe.“!

FORMULATION AND OBJECTIVE OF PROBLEM

An adequate mechanism for flame quenching has not been established.
It is not known whether the process of flame gquenching is primarily
thermal or primarily diffusional or a combination of both. This lack
of understanding exists in spite of the numerous investigations which
have been carried out on this topic. Furthermore, all previous
studies dealt only with the fundamental problem of flame quenching and,
therefore, no efforts were made to develop any criteria for the design
of flame arrestors.
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In the present investigation, a fixed-slot copper rectangular burner,
with a high length-to-width ratio, was designed and constructed. The
flames were quenched by squeezing them between two movable parallel
plates. The flame quenching apparatus is shown in Fig. 1. This
technique of flame quenching is free from trial and error; in addition
the errors introduced in the measurement of quenching distance due to
the downward movement of the gas mixture at the time of quenching are
eliminated. This burner design has the following advantages:

1. Spectrographic observations of both the unquenched and partially
quenched flames can be made because the flame cone of a rectangular
burner can be easily focused on the spectrograph slit.

2. Different fuel-oxidizer mixtures can be used for making quenching
distance measurements.

3. The effect of geometry of the burner, gas speed, and Reynolds number of
of the gas mixture on the quenching distance can be ascertained
easily.

L. By using different quenching plate materials, the effect of the
nature of the material upon the quenching distance can be determined.
The effect of various catalytic campounds, which may contribute to
flame quenching through the destruction of active chain carriers,
can be studied by coating the quenching plate surfaces with these
campounds. A long duration contract of the flame with the quenching
surface can be achieved.

5. The effect of plate temperature and also that of the gas mixture on
the quenching distance can be studied.

6. The role played by radical diffusion in flame quenching can be
studied by making both qualitative and quantitative use of the
spectrograms obtained for the unquenched as well as the partially
quenched flames. The understanding of the radical diffusion in
flame quenching can be further aided through mass spectrometry
since flame samples for mass spectrometric studies can be readily
drawn from steady flames.

II. DESCRIPTION OF APPARATUS
1. Burmer Design

Two Bunsen-type copper rectangular burners were designed and con-
structed. Copper was preferred over stainless steel because of its
higher thermal conductivity, easy machineability, and ease of handling.
A rectangular slot burner is better than a circular type for taking
spectroscopic pictures of the flame. As pointed out by Gaydon,3? a
rectangular type burner produces an appreciable increase in the
brightness of the flame image and weighs the inner cone more highly
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Fig. 1 Photograph of the Flame-Quenching Apparatus with Burner No. 1
in place.




than the interconal gases. The inner cone of the flame is photographed
in the direction of the long side of the slot. This type of burner
also produces a relatively thick reaction zone as compared to a
circular burner. Ordinary conical Bunsen-type flames on circular
burner tubes are not suitable for detailed examination of the structure
of flame front because the light from all parts of the reaction zone

is superposed.®?

Schematic views of two burners employed in the present experiments
are shown in Fig. 2 and 3. It has been pointed out by Gaydon and
Wolfhard®3 that for laminar flow to prevail in the burner, the Reynolds

number should be less than 2300 and the minimum length of the burner
to establish such a flow is approximately

fgn = O-05R%,

where

Lnin
%W

the minimum length of the burner required in cm,

hydraulic diameter of the rectangular burner in cm;

4 = 2ab/a+b,
L Reynolds number,
a = long side of the slot in cm, and
b = short side of the slot in cm.

In the present case two different burners were used with the following
dimensions:

Burner No. 1 a=2.54 cm, b =0.32 cm

0.17 cm

Burner No. 2 a = 0.64 cm, b
so that

d'b (for Burner No. 1) = 0.57 cm

and
d'h (for Burner No. 2) = 0.17 cm,

hence
L (for Burner No. 1) = 65.55 em

and
1'.1 ; (for Burmer No. 2) = 31.05 cm.
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In computing these lengths, corner effects of the rectangular
slot on the required minimum burner length have not been considered.

In the present experiments both the burners had a length of 70 cm
and the Reynolds number never exceeded 600 for Burner No. 1 nor 2000
for Burner No. 2. The requirement that for a smooth flow L/d be of the
order of 50 was far exceeded in the present case for both the burners.

To obtain stable flames, it was necessary to use two rectangular

burners with different slot dimensions. Burmer No. 1 with a bigger slot

was used for gas mixtures having low flame speeds. In these studies,
it was used for methane-air flames only. Burner No. 1 could not be
used with gas mixtures having very fast flame speeds since very high
flow rates were required to prevent flash-back. Burner No. 2, which
had a narrow slot, was suitable for gas mixtures with high flame speeds
This burner could not be used with methane-air mixtures because these
flames tended to be blown-off from this burner because the burner slot
width was smaller than the quenching distance for certain methane-air
ratios.

2. Design of Flame Quenching Apparatus

Two solid copper plates were used to quench the flamcs. Each copper

plate was 10 cm high, 5 cm long, and 2.5 cm thick. Each plate was
cooled by a flow of water through 0.64 cm i.d. copper tubes. Two holes
were drilled at 0.32 cm from the plate surface facing the burner and
then twe more holes were drilled through each plate at 0.64 cm apart

so that altogether there were four holes of 0.64 cm i.d. in each plate.
The four holes in turn were soldered to four pieces of 0.64 cm i.d.
copper tubing, each 15 cm long, on one side of the plate for water
inlet and four on the other side of the plate for water outlet. In
most experiments, however, only the two lines at 0.32 cm from the plate
surface, facing the flame, were used for cooling the plates. The water
flow was adjusted by a regulator. For measuring the plate surface
temperature a copper-constantan thermocouple was inserted into the
surface of the each plate from the top. The thermocouple just touched
the plate surface from the inside. Two copper-constantan thermocouples
were also used (two for each plate) to measure the temperature of the
incoming and outgoing water. Thus altogether there were six copper-
constantan thermocouples connected to the two plates. The output of
each thermocouple was recorded continually on 1! channel Brown
recorder. In all experiments the two plates v ntained at a
constant temperature by adjusting the flow r Initially it was
planned to measure the amount of heat tre -« ) the water by
measuring the rate of flow of water and i.. vemperature rise. However,
the thermocouples did not register any increase in temperature, even
for very small flow rates. On the other hand it was necessary to cool
the plates in order to prevent them from getting too hot, especially
during prolonged exposure of the copper plates to the combustion gas

of high-energy | temperature) flames when spectrograms were taken. The
two copper plates were bolted to two metal platforms which could be




moved inward and outward by means of a hand-operated spindle. The two
plates were arranged so that they were flush with the burner top and
could be moved over the top of the burner to obtain the desired
distance between the two plates. The entire assembly (i.e., plates,
spindle, etc.) was bolted to the optical bar of a spectrograph. A

1.3 cm slot was drilled in the optical bar so that the burner could

be moved inside the bar for a proper focusing of the burner flame

onto the slit of a spectrograph. After the flame was focused properly,
the plate-spindle assembly was permanently bolted at that position.
The plate-spindle assembly was so designed that it could be mounted on
the optical bars of either the Hilger & Watts prism spectrograph or the
Jarrel-Ash 21 ft grating spectrograph. The burner was held in place
with a set screw, which in turn allowed for vertical adjustment of the
burner position. The burner was placed symmetrically between the
plates in the slot provided in the optical bar so that the flame cane
could be focused on the spectrograph slit. When the Hilger & Watts
large aperture prism spectrograph was used, it was not necessary to
focus the flame with a condensing lens. With the Jarrel-Ash grating
spectrograph, a quartz condensing lens had to be used to focus the
flame on its slit.

The distances of the plates at quenching were measured with a feeler
gauge which permitted an accuracy of 0.01 mm. The surfaces of the
copper plates were polished so that the exact distance could be measured
with the feeler gauge. A photograph of the entire burner assembly is
shown in Fig. 1.

3. Spectroscopic Measurements

For qualitative work (i.e., for the identification of various bands
obtained from both the unquenched and partially quenched flames of the
various fuel-oxidizer mixtures) a Hilger & Watts large aperature prism
spectrograph was employed because it permitted short exposure times.

For quantitative work (i.e., for measuring the relative intensities
and rotational flame temperatures were high dispersion was the primary
consideration) a Jarrel-Ash 21 ft grating spectrograph was used.

Kodak 103a-F spectroscopic plates were used for all measurements
for taking spectrograms of the various flames, These plates are
sensitive from about 2500 A to about 6800 & and have rather uniform
response over the entire visible spectrum, especially in the red.

L. Gas Flow Measurements

All gases were taken from standard cylinders. A constant pressure
of each gas was maintained by means of reducing regulators in the
metering section. Before entering the mixing chamber, the gases were
passed through back pressure regulators to eliminate mutual interference
of the gas flows. The metered flows of fuel and oxidizer were fed into
the burner inlet via a solenoid valve after being thoroughly mixed in a
mixing chamber. A schematic view of the apparatus used for making gas
flow measurements, along with the burner, is shown in Fig. 4. All

13

e D s

P

T o R a——



SSTPN3S JUTYOUSTD SuRTd J0JF urex3eTq MOTL f *814

J01D|NBay aunssauy yobg dd 49

JO1DINb3ay pUDH m SAIDA 3|paaN @

abono aunssadd mw SA|DA 9|710JU | @

TLIRTE 4 20,4

ddd
SOAIBA \ mLm:mZ o
Buionpay MO| 4 L@Mﬂg_xp_\__\w.‘

d9ZIPIXO) o=

T A0 I

14




flows were calibrated with a vacuum type gas flow calibrator.®* These
calibrations were checked from time to time.

The chemical analyses of the various gases are given in Appendix A.

III. EXPERIMENTAL PROCEDURE
1. Determination of Flash-Back and Blow-Off Conditions

Before measurements of the quenching distances and spectrographic
studies of the various flames could be undertaken, it was necessary to
determine the stability of the flames of various fuel-air mixtures
burning on rectangular burners. These measurements were necessary for
the proper selection of fuel-air composition and flow rates so that
neither flash-back nor blow-off would occur. These measurements were also
made to compare the critical flow rates for flash-back and blow-off
with those determined with circular burners. Flames of methane,
acetylene, and hydrogen with air were always easy to stabilize. However,
methane-oxygen flames showed considerable scatter in flash-back and
blow-off because of the heating of {the burner tip.

The procedure for measuring the critical flows for flash-back and
blow-off was as follows:

In the methods of previous investigators first a diffusion flame
of the fuel gas is started at the desired working pressure and the fuel
flow is adjusted to predetermined value. Thereafter the air is added
slowly without a change in fuel flow until flash-back of the flame
takes place. In this way the condition of flash-back is approached on
a path along which the mixture composition changes continuously. This
was not desirable since the exact composition of the mixture in the
burner tube at the moment of flash-back usually lies between the last
and the preceding setting. In order to keep this error at a minimum,
the gas flows were changed very slowly. Flash-back conditions for lean
mixtures were established by increasing the fuel flow of lean flames
until flash-back occurred. Such lean flames were obtained by using
gas flows that were large enough to produce stable flames with any
mixture ratio. Then both the oxidizer and fuel flow rates were reduced
in succession until a lean flame resulted with a gas flow as low as
possible.

Critical flow rates for-blow-off were easier to obtain. First, a
fuel-air flame was established for a certain composition of the gas
mixture, well above the already measured critical flows for flash-back,
then the amount of air was increased until blow-off occurred. After
blow-off, the fuel flow rate was increased to a value more than in the
previous case and then the air flow rate was increased until the blow-
off occurred. In a similar fashion, blow-off was established for various
fuel-air ratios of all gas mixtures considered.




The flow rates at flash-back and blow-off for acetylene-air
mixtures obtained with a rectangular burner are shown in Fig. 5 and 6
together with the flow rates at flash-back and blow-off for circular
tube burners.

2. Measurement of Quenching Distances

Quenching distance measurements were carried out for
. Methane-Air Flames,
. Methane-Oxygen Flames,

. Acetylene-Air Flames, and
. Hydrogen-Air Flames.

+FWw -

The experiments were started with diffusion flames (except in the
case of acetylene-air flames; air was always mixed with the acetylene
before starting the flame to avoid the formation of soot) at one atm
pressure and the fuel flow was adjusted to a predetermined value.
Thereafter the oxidizer was added slowly to obtain a flame at the
predetermined mixture ratio. The flow of water through the cooling
coils of the copper plates was then adjusted and plates were moved
very slowly toward the flame. As soon as the plates touched the flame,
the ll-channel temperature recorder was turned on to monitor the
temperature of the plates as well as that of the cooling water at the
inlet and outlet of the plates. The six copper-constantan thermocouples
were used for this purpose. The plates were then moved very slowly
and carefully into the flame until there was no visible flame radiation
between the plates. Although there was a flame at the top of the plates,
the flame between the plates was quenched. This process of flame
quenching is illustrated in a sequence of photographs in Fig. 7 for a
typical methane-air flame. As soon as the quenching was established,
the flow of the gases was stopped by closing the solenoid switch. The
quenching distance between the two plates was then measured with a
feeler gauge. Upon completion of these measurements the plates were
separated. Two measurements were made for each mixture ratio and flow
rate. The average of the two values was used as the final value of
the quenching distance. The plates were dried before each experiment.
The quenching distances were measured at flow rates of 25, 50, and 100
ce/s to study the effect of gas speed and Reynolds number on the
quenching distance. The copper plate temperature was maintained
constant throughout the experiments. The results of these measurements
for methane-air, methane-oxygen, acetylene-air, and hydrogen-air flames
are given in Tables I-IV and in Fig. 8-11, together with the values
given by Lewis and von Elbe®! for comparison.

In order to determine the influence of the shape of the
burner on the quenching distances, the quenching distances were measured
with circular burners whose inner diameters were equal to the hydraulic
diameter of the rectangular burners. These distances are also shown in
Tables I-IV.
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UNQUENCHED FLAME PARTIALLY QUENCHED
FLAME

PARTIALLY QUENCHED QUENCHED FLAME

FLAME

Fig. 7 A series of Photographs Showing How the Quenching is Achieved
for a Methane-Air Flame
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